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In a recentNatureCell Biologypaper, Taddei et al. (2008) reveal that deletion ofb1 integrin fromK5-expressing
mammary epithelial basal cells specifically attenuates ductal stem cell activity, without dramatically altering
the basal cell layer, or morphogenesis overall.The mammary gland comprises a branch-
ing epithelial network of ducts, lined with
two cell types that, together, can make
and express milk. The adult epithelium is
a bilayered structure, comprised of milk-
producing and -secreting luminal cells
and contractile basal cells that are in direct
contact with the basement membrane
(Figure 1). There are two distinct growth
phases for the murine gland; the first is
ductal outgrowth from the mammary rudi-
ment in juvenile and pubescent mice, and
the second is lobuloalveolar outgrowth
from regularly spaced side-branch points
during pregnancy. During growth and
differentiation, the proportion of both cell
types ismaintained, and it iswidelyconsid-
ered that they originate from a common
bipotent stem cell/progenitor. Two years
ago, studies from Stingl et al. (2006) and
Shackleton et al. (2006) and their respec-
tive colleagues produced a paradigm shift
in mammary gland biology. Their work
unveiled a powerful component of the
organ’s growth potential within the basal
cell compartment. These findings differed
from earlier studies that suggested that
the primary source of mammary growth
potential lay within the luminal compart-
ment. However, the new basal stem cell
model drew the mammary gland into line
with other stratified epithelia, such as
skin, which shares a common embryonic
origin.
A new paper from the Glukhova labora-
tory further explores the stem cell function
of the basal epithelium, with the focus of
attention on functional interactions with
the subjacent basement membrane (BM)
(Taddei et al., 2008). Extracellular matrix-
integrin interactions have been known
for many years to have a pivotal role in
determining mammary epithelial function
in vitro, but have yet to be fully explored
in vivo. Thus, using a conditional knockout
of b1 integrin directed to the basal cell
compartment, the authors have shown
that, although b1 integrin is not required
for the survival of basal epithelial cells, it
is specifically required for maintenance
of the adult ductal basal stem cell com-
partment, and for the normal orientation
of basal cell division. Though the deletion
of b1 integrin does not affect outgrowth of
embryonic mammary rudiments, or the
gross appearance of the basal cell popu-
lation, it eliminates subsequent outgrowth
of ductal trees from 1 mm3 tissue pieces,
removed from adult conditional knockout
trees and moved into new recipient fat
pads. The use of these tissue pieces likely
maintainsmore of the original architecture
and preserves cell viability, in contrast
with more commonly used tissue dissoci-
ation protocols.
Various types of mammalian stem cells
exhibit high levels of integrin expression,
such as in skin (Jones and Watt, 1993)
and neural stem cells (Hall et al., 2006),
and integrins also play an essential role
in maintaining stem cell activity in several
model systems. Thus, for Drosophila tes-
tis, Tanentzapf et al. (2007) have shown
that loss of integrin function results in
the loss of both hub and stem cell pop-
ulations, together with changes in the
extracellular matrix. The parallels across
several tissue types imply that integrin
ligation is required for stem cell activity,
and that activity depends upon the integ-
rin-expressing epithelial cell binding its
cognate ligand, perhaps expressed within
the stem cell niche (Figure 1).
Previous efforts have shown that loss of
b1 integrin affects growth and differentia-
tion of lobuloalveolar epithelial cells during
pregnancy (Katz and Streuli, 2007). In the
current paper, similar phenotypes were
recapitulated, for the most part, in areas
where the luminal cells exhibited b1 integ-
rin deletion. Specifically, morphogenesis
was misregulated, cell polarization was
reduced, fewer branch points were ob-
served, and the altered growth presented
as thicker multilayered epithelia (de-
scribed by the authors as resembling
terminal end buds). Thus, in the context
of lobuloalveolar differentiation, depleted
or reduced b1 function impairs mammary
tissue function, as measured by milk pro-
tein production and prolactin-dependent
STAT5 translocation.
Interestingly, the authors show that
the loss of b1 integrin leads to frequent
delamination of basal cells from the
basement membrane into the suprabasal
compartment during cell division in glands
from pregnant mice. Released from b1-
mediated adhesion, these cells acquire
a luminal fate, or die by apoptosis (see
Figure 4B in Taddei et al., 2008). Along
the same lines, b1-dependent suppres-
sion of differentiation has been demon-
strated for keratinocytes in vitro (Levy
et al., 2000). High b1 integrin expression
therefore appears to be important for
maintaining lineage identities and organi-
zation, and for suppressing the bipotent
potential of the basal population. Indeed,
by extrapolation, the absence of sufficient
b1 function could lead to the mixed basal/
luminal populations frequently reported
in mouse breast tumors. Consistent with
the hypothesis that b1 integrin-deficient
mammary glands are not as normal as
they appear, a previous study showed
that, although mammary glands from
mice with a conditional, b1 integrin muta-
tion (directed by MMTV-cre) also showedCell Stem Cell 3, July 2008 ª2008 Elsevier Inc. 5
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they were dramatically resistant to trans-
formation by the Polyoma Middle T onco-
gene (White et al., 2004).
In general, in order tomeasure the effect
of molecular perturbation on mammary
gland stem and progenitor cell types,
a conditional, inert, genetic tag is pre-
ferred for evaluation of cell growth and dif-
ferentiation. Though Taddei et al. have
tried to use their knockin lacZ reporter
line (K5Cre;itgb1F/+ lacZ knockin mice) to
draw conclusions about modifications of
cell fate in the absence of b1 integrin, pre-
dominantly during pregnancy, these inter-
pretations may be flawed. Since epithelial
cells are known to be acutely dependent
upon the dose of b1 integrin (Levy et al.,
2000), it is unlikely that a reduced dose
of b1 integrin does not perturb the system;
thus, even haploinsufficient cells are likely
to suffer a strong selective disadvantage
that could impact their growth and differ-
entiation.
While it may seem counterintuitive, the
current data clearly indicate that even
profound changes in ductal stem cell
activity do not necessarily produce dra-
matic changes in morphogenesis and
growth of mammary gland. This is likely
to be true of all lineages that do not fall
into the class of continuously regenerat-
ing epithelia, and may reflect a residual
reservoir of embryonic cells (Paguirigan
et al., 2007). Thus, outgrowth from the
embryonic mammary rudiment appears
not to be affected in K5Cre;itgb1F/Fmam-
mary glands; indeed, it may be driven by
K5-negative stem/progenitor cells. In
contrast, expansion of the adult stem
cell population does depend upon b1 in-
tegrin. Overall, this study represents an
important effort to explore the impact of
the surrounding microenvironment on
mammary stem cell function, and raises
several additional questions about the na-
ture of these interactions (Figure 1). Of
note, a simple stem cell model has been
put forward recently to explain epidermal
homeostasis, based upon a stochastic
choice of proliferation versus nonprolifera-
tion (Jones et al., 2007). If this model is
applied here, together with prior data, it
could be proposed that high b1 integrin
expression enables more cells to stay in
cycle, whereas loss of b1 creates the
deficit in mammary growth potential
observed by Taddei et al.
REFERENCES
Hall, P.E., Lathia, J.D., Miller, N.G., Caldwell, M.A.,
and ffrench-Constant, C. (2006). Stem Cells 24,
2078–2084.
Jones, P.H., and Watt, F.M. (1993). Cell 73, 713–
724.
Jones, P.H., Simons, B.D., and Watt, F.M. (2007).
Cell Stem Cell 1, 371–381.
Katz, E., and Streuli, C.H. (2007). Int. J. Biochem.
Cell Biol. 39, 715–726.
Levy, L., Broad, S., Diekmann, D., Evans, R.D., and
Watt, F.M. (2000). Mol. Biol. Cell 11, 453–466.
Paguirigan, A., Beebe, D.J., and Alexander, C.M.
(2007). Cell Prolif. 40, 106–124.
Shackleton, M., Vaillant, F., Simpson, K.J., Stingl,
J., Smyth, G.K., Asselin-Labat, M.L., Wu, L., Linde-
man, G.J., and Visvader, J.E. (2006). Nature 439,
84–88.
Stingl, J., Eirew, P., Ricketson, I., Shackleton, M.,
Vaillant, F., Choi, D., Li, H.I., and Eaves, C.J.
(2006). Nature 439, 993–997.
Taddei, I., Deugnier, M.A., Faraldo, M.M., Petit, V.,
Bouvard, D., Medina, D., Fa¨ssler, R., Thiery, J.P.,
and Glukhova, M.A. (2008). Nat. Cell Biol. 10,
716–722.
Tanentzapf, G., Devenport, D., Godt, D., and
Brown, N.H. (2007). Nat. Cell Biol. 9, 1413–1418.
White, D.E., Kurpios, N.A., Zuo, D., Hassell, J.A.,
Blaess, S., Mueller, U., and Muller, W.J. (2004).
Cancer Cell 6, 159–170.
Figure 1. Mammary Gland Architecture and
Basal Cell Targeting
(A) Mammary ducts comprise two cell layers, basal
and luminal, surrounded by the basement mem-
brane. Surrounding nonepithelial cell types include
endothelium, fibroblasts, and adipocytes, each
known to participate in developmental regulation
of the tissue.
(B) The strategy used by Taddei et al. is shown
schematically. The keratin 5 (K5) promoter, charac-
teristically expressed inmost adult basal cells, was
used to drive cre-mediated excision at the b1 integ-
rin locus, leading to loss of b1 integrin and gain of
b-gal labeling. Thus, if the K5-driven null mutation
occurs in a bipotent progenitor, luminal daughters
will be null for b1. Alternatively, if the excision of
b1 leads to loss of basement membrane adhesion,
basal cells acquire the luminal fate.
(C) Various questions are raised by the loss of out-
growth potential in the ductal trees derived from
K5Cre;itgb1F/Fmice. Does the ECM exert a regula-
tory function on the stem cell population, as well as
on the more differentiated cells in the tissue?
Integrins appear to play a role in stem cell function,
but which cooperating signaling cascades are re-
sponsible for the observed outcomes? Good can-
didates might be Wnt, TGFb, and IGF (Katz and
Streuli, 2007). In addition to the ECM component,
is there a cellular participant in the basal mammary
stem cell niche?6 Cell Stem Cell 3, July 2008 ª2008 Elsevier Inc.
